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Module Plan and Learning Outcomes

PLAN:

To identify and explain many of the key hu-
man impacts on the natural environment.
Some of the impacts discussed result from
energy choices made by countries, while oth-
ers result from human use of water, develop-
ment and use of chemicals, transportation
choices, agricultural practices, industrial ac-

tivity etc.

Student Learning Outcomes:

e Demonstrate understanding of major
human impacts on the natural envi-

ronment;

e Demonstrate understanding of energy

choices and their impact on the natural en-
vironment;

Demonstrate understanding of the key
ways in which architecture and urban plan-
ning have an impact on the natural envi-

ronment.

Core Concepts

Acid Rain

Biodiversity

Chemical Pollution

Climate Change
Desertification
Eutrophication

Freshwater Depletion

Global Warming

Global Warming Potential (GWP)
Greenhouse Gas (GHG)
Ocean Acidification
Ozone-layer Depletion
Persistent Organic Pollutants
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Module 2: The Built environment and its Impacts on the Natural Environment. Global Overview

INTRODUCTION

Over the past decade, global discussions on
the impact of our energy use have taken
center stage. We have all heard of climate
change, global warming, or energy-related
accidents with long-term damage to the nat-
ural environment. Nuclear power was in the
headlines as recently as 2011 with the cata-
strophic breakdown of the Fukushima nucle-
ar power plant in Japan.

Energy is not the only resource used by
buildings and cities. Buildings and cities also
have an impact on water, land, air, forests,
and other life forms. They do this both in
their immediate geographic vicinity as well
as regions far away.

The topic of how to select and prioritize hu-
man impacts is a subject that is continually
debated in the scientific and policy
communities. In the past decade or so there
hase been one attempt to understand
human impact on the planet by developing a
single measure, viz. “ecological footprint”,
which measures resources utilized to sustain
life or continued activity for a given country,
city, company, or even an individual. The
challenge is to sustain or increase standards
of living while reducing or keeping our
ecological footprint constant."

In this section, however, we will not reduce
human impacts to a single measure. Inste-
ad, we will discuss a series of human im-
pacts on the natural environment that are
frequently cited and discussed. We will draw
on two different impact frameworks:

1. Tools for the Reduction and Assessment
of Chemical and Other Environmental
Impacts (TRACI) used by the US Enviro-
nmental Protection Agency;?

Lveruonre3NiL

JYbpghu nmwutwdjwyutph pupwgpnid Jwpnynt-
pjwl uwywnwéd Eubpghwih wqnbgnie)ntbutph
JGpwptpjw) punhwunip pwuwybdtpp yGuwnnpn-
LUwywl wnbn BU gpwynid: UGUp pninpu (ub| Gup
Uihdwjwywu thnthnpunipiniuubnh, grnpw) nw-
pwgdwu Ywd EubpgGwnhywih ninpinp Jpwpubph
n. puwywu Jhpwywjph Yypw Gpluwpwdwdlybun
wanbgnipjwdp:  Uhgntywjhu  EuGpgGnphywu
2011p. uyuwé nwpat| £ pGprtph L wduwgptph
funpwanptph hpduwywu pEJwl dwwnUwlywl
dnynphdw UEY-h wnGwnwh ypwnphg hbwnn:

EUGpghwl 2GUpGph W pwnwputph Ynnuhg og-
nwagnpéynn Uhwly puwywl nGuntpup sk: CGupt-
np W pwnwplubpu wagnnwd GU Lbwl 9nph, hnnh,
onh, wuwnwnh W Yuwuph wj dutph Ypw: Wjn
wantgnipntul wunpwnwnrunwd £ huswbu 26U-
pbph wudhowywl w2puwphwgpwywl hwplw-
unipjwdp, wjuwbu £ pwywlywuhu hGnwynpnt-
rjwdp intnwpwohuywd nwpwodpubph ypw:

Rwdw2uwphwjhb ghnwywu hwuwpwyntejntul
wupunhwuwn putwnynwd £ Uh pbdw, rE hUusgwEu
puwnpt dwpnnt Ynndhg 2ngwyw dhgwydw)jnh Yypw
gnpénn waqnbgniejntuutph gGpwyw)nieinLUut-
np: depohU mwutwdjwynid thnpétp GU Yunwp-
4G Unpnpwyh ypw dwpnni gnpéniubnipjwl wq-
nGgnipjwl Ujwgbgdwl qguwhwwndwlu J&Y* nynt-
nhu W hwulwuwih, swhwuh2h Jwydwl ninnnt-
pjwUp: Oppuwy' pwuwybatph vh qawih dwup
udhpywé en, wjuwybu Ynsywé* «puwwywhwwlw-
ywu hGwnphuy», wjuhupl® nEunLpuutph, npnup og-
nwagnpéynid GU UGy ynuyptwn Gpyph, pwnuwph,
puyGpnipjwu Ywd Unyuhuy wUhwunn Jdwpnni
Yjwupp wd 2wpnibwyuwywl gnpéniutnipyniul
wuwwhnybint hwdwp: Mwhwywlb ywd pwné-
nwgut| Jwpnywug Yywuph dwywpnwyp® Yntw-
ntGind ywd gnut wwhwwutind Jép plwwwh-
wwlwlywU hGwnpp. uw Edwpunwhpwytpp:’

Uwywju unyu pwdund JGup sGup Ypdwuwnh
dwpnwjhu  gnpénubnipjwl  waqnbgniejwu

' For a more thorough discussion of “ecological footprint”, see www.footprintnetwork.org

Eyninghwywl hEwnph wybh Jwupwdwul pbwpydwl hwdwp nbu www.footprintnetwork.org

2 «“Tool for the Reduction and Assessment of Chemical and Other Environmental Impacts (TRACI)”, accessed April 2013, available at
http://lwww.epa.gov/nrmrl/std/traci/traci.html. Inspired by the work done in the Netherlands on environmental “stressors,” the EPA began
to develop software that, within each impact category, would have the best methodologies and be relevant to US conditions. The result
was TRACI. It was also envisioned that this would be integrated into lifecycle analysis assessments becoming increasingly popular in the
early 1990s. The finalized impact categories fell into two categories: a) those that affected human health and b) those that (also) affected
the natural environment. TRACI has become widely used. Recently, the US Green Building Council used the TRACI impact categories as

the basis of its LEED certification process.

http://www.epa.gov/nrmrl/std/traci/traci.html. Nglinpywd Lhnbppwunutpnid hpwywlwgpwé® 2newlw vhgwywjpp «gugnn» gnpdnultph
rEUwiny Ywunwpwéd wphuwwnmwupny® Sppwlw vhewdwiph wwhywudwlu gnpéwywinieiniup bwhiwaknut) £ Spwgpwjhu thwptrh
dowynidp, npwGugh wanbgnipjwl jnipwpwlgnip wwnbgnphwih hwdwp YyhpwedGl (wdwagnyl JGpnnwpwunipiniuutpp b wwyw-
hnyuh hwdwwwwnwupuwunieiniup UWUL wywjdwuutphu: Upnyniupnud dbwynpytg TRACI-U: Lwhuwwnbuynid Ep bwl, np wjlu UGpwn-
JGint £ yGuuwihnih yGppnuswywu quwhwwnnudubpnid, npnug oginwgnpénidu punwjuyt) £ 1990-Uknph uygpnid: Ywaqudb] £ waqnt-
gnipjwl Ywwbgnphwubph Gpynt funcdp. w) dwpnnt wenngniejwl ypw wannnutpp, p) ptwywu vhewydwiph ypw wagnnnutpp Uwl):
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2. The planetary boundaries concept and its
Earth system framework proposed by re-
searchers at the Stockholm Resilience
Centre.’

Not all aspects of these frameworks are con-
sidered here. TRACI, for instance, also has
measures on human health. They look at the
carcinogenic or other health impacts of vari-
ous chemicals or processes. We consider
these impacts insofar as they pose a threat
to the greater ecosystem and not only hu-
mans.

IMPORTANT NOTE: Before discussing key
human impacts on the natural world, it
should be pointed out that, from the discus-
sion below, it may not be easy to see what
action, steps or solutions exist for architects
or urban planners in minimizing these im-
pacts. Module 3 will begin to put all of these
into perspective. Later modules will then of-
fer specific solutions or ways of thinking
about solutions that architects and urban
planners could use.

punLpwapnudp Jhbugl Jhwly swithwuh: ®njuw-

ntup YplUlwnpyBup puwlwl dhgwdw)ph yYpw

dwpnnt gnpéniunipjwl wqnbgnieintuutph Jh
wdpnng 2wnpp, npu wdtuhg hwéwh £ JGopkp-
gnud nu nhuinwpyynd pwuwytdbph dwdwlwy:

Uwulwynpwwbu® yhtuytup Gpynt mwpwplnye

wanbgnipnLuutph ypw.

1. Sppwyw dhpwywjph dnw phuhwiwl W wj|
waqntgnipntuubph  Ypdwwndwu  Jhengubpp
(TRACI), npnup ogwnwagnpéynd Bu Spowyw
dhpwydwjnph ww2wnwwunipjwl WUL gnpéw-
Ywntpjwl Ynnuhg?, L

2. Uninpwlwjpb uwhdwlutph hwjGgwywnpg L
Gnuph  hwdwlywpgh  2pgwlwlutpp,  npl
wnwewnyyty t Unnyhndh Ywjniuniejwl
UGUwpnuh Jwulwgbwnutph ynnuhg?:

Wn 2ppwiwwyutnh ng pninp wuwGywnubpu Gu nh-
wnwpyyned wyjuntn: Ophuwy® TRACI-U hw)yh E
wnund bwl Jwpnywjhu wnnngnigjwl gnpén-
up: “Yhwnwnpyynid U pwngybnwséhu Ywd wy ph-
Jhwywl Uniebph Ywd wpngGuutbph wqnbgnt-
pintup Jwpnnt wnnnentejwl  ynpw: Uhugntn
JGUp nhunnwpynwd Gup pninp wyn wantgnieniu-
ubpu wjupwuny, nppwuny npwup Ywpnn GU wq-
ntgnipeintl ntubluw] JGg 2pswuwwinnn vhpwyuwy-
nh Yypw:

Ywplinp  Swunpnipyntl. Lwpupwl puniejwU
Jpw Jdwpnnt gnpéniubniejwu hhduwwl want-
gnipjntuutnh puliwpynidp, wuhpwdtwn £ UG,

np hGnwauw pulwpynidubph pupwgpntd hGunnipjwdp sh Ywpbih UWywunbp wjl wuhpwdtwn pwj-
1Gpp ywd |nénidutpp, npnup dwpunwpwwbwnubpp Ywd pwnwpwohbwpwpubpp wbwnp £ Uwhiw-
46nUEL UJwqbgubint hwdwn pwgwuwlwl wagnbgnipniuubpp: Unnnip 3-nud wjn wdtup Ynh-
nwnyyh hGnwuywnpwihu yunpuépeny: Unwehlw dnnniubpnid ywnwewnpyytu hwwnney nuénid-
utp ywd dinnpnudubp wynwhup (neéndutph thuinpuniniph dwuwwwphhl, npnup dwpnwpwwbun-
utpp Ywu pwnwpw2hbwpwpnipjwl Jwulwagbunubpp upnn BU oguinwignnoti:

TRACI-U nwnab| E jwjunpGu yhpwnynn: YEpgtpu UWUL Ywlwg 26UpGnph funphnipnu oguwgnpétl £ TRACI-h wgnbgnipjwl Jwunbgn-
nhwutpp npwbu hhdp LEED uGpnunhdhywgdwu gnpépupwgh hwdwn:

¥ Johan Rockstrom et al, “Planetary Boundaries: Exploring the Safe Operating Space for Humanity”, Ecology and Society 14:2 32 (2009). In
January 2015, Rocktrom, et. al at the Stockholm Resilience Center have published a "new and improved" Planetary Boundary 2.0 version of
their framework. For the purposes of this book, the changes are not critical but those interested in learning more should visit:
www.stockholmresilience.org/21/research/research-news/1-15-2015-planetary-boundaries-2.0---new-and-improved.html (date accessed Jan
31, 2015).

2015p. hntudwphu [nyu nGuwy yenpnupjwy wnpjniph «unpwgywé b pwpbuwddwéd» mwnpptpwyp. «Uninpwyh uwhdwultpp» 2.0, inku
wjuinkn® www.stockholmresilience.org/21/research/research-news/1-15-2015-planetary-boundaries-2.0---new-and-improved.html: ~ Untju
nwuwagnph bwwwnwyubph hwdwn Yupniy thnthnpunceyniuutp gywu (2015w, hntuwph 31-h npnepjwdp):
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Module 2: The Built environment and its Impacts on the Natural Environment. Global Overview

IMPACT 1. GLOBAL WARMING AND
CLIMATE CHANGE

To release energy from fossil fuels (coal, nat-
ural gas, and petroleum), combustion or
burning has to take place. When this occurs,
heat is produced that is then channeled to do
work (such as warm spaces, generate steam,
or create pressure to move mechanical
parts). Chemical reactions that generate heat
from fossil fuels produce gases and other by-
products some of which have major impact
on the environment.

The gas from this burning process that has
attracted the most attention over the last
couple of decades is carbon dioxide (CO,).
However, many others also exist. Coal-
powered electricity plants are emitters of sul-
fur dioxide, nitrogen oxide, particulate matter
(namely soot and fly ash), and mercury,
among others.*

CO, is notorious because it is a greenhouse
gas (GHG). GHGs are gases that allow sun-
light to enter the atmosphere but capture the
reflected heat. Over time, this leads to in-
creased temperatures, just like in a green-
house, where sunlight enters but heat cannot
escape at a rate that is fast enough.

CO, is not the only GHG. There are others,
including methane, nitrous oxide, and others
that occur in concentrations higher than pre-
industrial levels. Scientists argue that these
increases are directly attributable to human
activity.

Despite the fact that methane and nitrous
oxide emissions occur in smaller quantities,
these gases are more harmful GHGs. The
relative significance of these gases is ex-
pressed by a measure called global warming
potential (GWP). GWP represents the relative
heat-trapping potential of each gas. CO, has
a GWP of 1, as it is the baseline unit against
which all other gases are measured. Me-
thane, on the other hand, has a GWP of 23-
25 over 100 years. Nitrous oxide’s GWP over
100 years is about 300. This means that one
ton of nitrous oxide emission is equivalent to
300 tons of CO, emissions in terms of poten-
cy as a GHG.

u2163snr@3Ntu 1. ALNAUL
suLeusntuc 4 yLhuush
ondNkuNiE3NILL

Rwluwdédn Jwnbhpubphg (woénihu, Lwyp, puw-
ywu quwq) EuGpghwjh wuswwnnwdp (Ynpgneup)
uwuwywé E wypdwl wnpngbuh htwn: Gpp wjpnudp
intnh £ nuGunwd, wuswwnynid £ eGpdnip)nil,
nnpUu wjunthGnl nunnynid £ UGhuwuhlywywu wp-
fuwwnwlp JuwwnwnGinu (npwbu ebnpuniejwl wn-
pjnLn, npu wpwnwnpnud £ 2ngh, npu wjunthGunl
wnwewguntd £ dupnid, npu nunnynid £ pwpdbint
JGpGLUwubph 2wnpdynn dwubpp): Iwuwén Jwnt-
Lhputph wjpdwu phuhwywl nGwyghwltnh wp-
nntupnud wnwowunid BU quqgbp b wj| ntnEyhg
ujnietn, npnup wtwp t Gupwpyytu Jpwydwu:

UjpdwUu wypngbunwd wlgwinynn gwap, npp [nLng
nownnnie|ntlu £ gpwytl hwnywwbtu ytpehu uh
pwuh nnwulwdjwyutnnid, wdhuwduh Gpyopuhnu
E (CO,): Uwlywju wypdwUu wpgwuhpubpnud jul
Lwl wj qugbp: UWshuny wphuwwnnn gndwjhu
ElGynpwywjwuubpt wpnwubnnd  Gu  Lbwl
66Uph GEpyopuhn, wagnunh opuhnutp, quuwquwl
whun dwuthyutp (Unfuph W dph dund), uunhy L
wyu®:

Ushuwéuh Gpyopuhnp hwjnuh £ npwbu 9bpdn-
gwjhu qwq: 2tpungwjhl GU Yyngynid wjl quqb-
np, npnup pnnund GU Uplh dwnwagwjrUGphu
rwWhwlgl| dJpUninpinh Jhgny nGwh  Gpyhp,
pwjg fungpunnuninud GU wunpwnwpdynn dwnw-
quwjpedwlup W Gpynph ubthwywu hudbpwlwndhp
twnwquw)jrUwlp: dwdwlwyh pUupwgpnid nw
pGpnud £ gGpdwunhéwuh pwpbpwgdwl, hug-
wbu nw wnbnh £ ntuBunwd gEnpdngnid, nup Uplh
(ntyup Unwinp £ gnpénud, uwlwju gtpdniejniup
sh ywpnn Unyupwl wpwag hGnwuwy:

Ustuwdlh Gpyopuhnp Jhwy gtpdngwjhl quqgp
$E: Ywl bwl wy| eGpdngwjhu qwqbp, hugwbu® UG-
rwlp, wgnunh Gupopuhnp W wjil, npnug wnunwrn-
nnLRjwl Swywubpp pwnén GU Jhugwpnniuwpt-
pwywu 2ppwlh wnbdwbphg: SGhwnuwlwuubpp
wunnwd GU, np wyn wyGwgnwdutpp dwnpnnt gnp-
onLubnLejwl wudhswlwUu hGinliwUp Gu:

Quwjwé Jpwluh b wgnunh Gupopuhnh wpuw-
UGwnnwdutph Swywutpu wybkh thnpp Bu, npwup
wybh Juwuwywp etpdngwihu qwqbp Gu: Wn
gwqbtph hwpwpbpwlywlu wqgnbgnipintup guw-
hwwnnd GU Jh JdGénipjwdp, npp Yngyned E gn-
pw| wnwpwgdwl wnunbughw| (@SM) b gnuyg t
mwihu jnipwpwlgnip wjn qwgh® stpdniejwl
npudwl  (YwudwU) hwwnynieniup: Ushuwdlh

4 “Coal power: air pollution”, Union of Concerned Scientists, accessed April 2013. www.ucsusa.org/clean_energy/coalvswind/c02c.html
Unwhngwé ghinuwywuubph dhnipinil, 2013p. wwphth npniejwdp, www.ucsusa.org/clean_energy/coalvswind/c02c.html
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Figure 1 presents a historical perspective on
CO, emissions from fossil fuels. The massive
growth that began in the mid-19" century on-
ly accelerated in the mid-20" century. Today,
with China and India industrializing and eco-
nomically growing at breakneck speed, these
emissions are only expected to increase as
coal, petroleum, and natural gas remain the
dominant sources of energy. As of January
2013, the atmospheric concentration of CO,
has reached 396 parts per million (ppm).°
This is substantially higher than pre-industrial
levels of 280 ppm.

Gnyopuhnh QSM-U punniuynwd £ hwjwuwp 1-h,
pwuh np wju hwunhuwunw £ pwquwihu gnigw-
Uh2 W Jjnwu quagbph hwdwp hwdbGdwunnipjwl
hhdp: Ujnwu ynnuhg' UGpwuh hwdwn 4SM-U 23-
25 £ wybh pwlu 100 mwpyw hwdwnp: Ugnuinh
Guropuhnh hwdwnp @SMN-U 300 E* UnLjuwbu wyk-
th pwu 100 mwpyw pupwgpnid: Wuhupu® JeUn-
(npunnud 9Epdngwhu EEYn unbinébint wnnt-
dny 1 n wgnwnh Gupopuhnp hwdwndtp £ 300 nn
woéhuwerenNL gwghl:

LY. 1-nud ywuwytpwé £ hwlwén Junbhpubp-
hg wéhuwprnL qugh wpunwubwnnudutph Wwwn-
Jwywu wwuwybpp: XIX nwph YGubGphu ulwun-
Jnn Lwlwlwihg wal wybh wpwgwgwy XX
nwnph YGubphu: Wuonp 2hbwuwnwuh W Iunlwu-
wnwuh wpryntbwpbpwywu b nunGuwywl wu-
LUwhiwnbw wah ywjdwulubpnud sEpdnguwjhl qui-

gbph wpunwuGwnnudutpu wupunuwthGihnpBu yuwatu: Mwwndwnu wju E, np wénithup, pbwlwl guw-
qp U bwypp 2wpnibwynd GU Juw| EuEpghwjh hhduwywUu wnpjniputnp: 2013pR. hntujwphu wé-
huwsUh Epyopuhnh wwpniuwyneeintup dplnnpunwiht onncd Ywaqut) £ 396 ppm® (wdpnngh Uhih-
nubpnpn Jwup), npp gqwhnptU pwpép £ Jhbswpnynibwpbpwywl ppswlh gnigwuhohg' 280 ppm:

Figure 1. Total CO, emissions from fossil fuels (million metric tons) from 1751-2010
Source/UnpjnLpp' Carbon Dioxide Information Analysis Center; http://cdiac.ornl.gov/trends/emis/glo_2010.html, 2006 data tables and 2007
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Another factor that has contributed to an in-
crease in the global concentration of CO, is
deforestation. Estimates suggest that half of
the original world forests have been cut
down, most of them in the past 50 years.

Plants are the lungs of the planet. Through
the process of photosynthesis, they absorb

Uprlunnpunwjhlu onnid wéhuwéuh Gpyopuhnh yw-
pnilwynipjwu wéh ypw wagnk| £ lu Gy gnpénl’
wlwnwnwgnpydwl gnpénup: Iwdwawju guwhw-
nwywulbph® ptwlywl wunwnwdwéy nwnpwodp-
utph gnptrt YGup gpyyt| £ wutnwnwihu swéyn)-
rhg, pun npnid* npwug U666 dwup ytpghu 50 tnw-

nhuGnh pupwgpnLU:

® For updates on the atmospheric concentration of CO,, visit http:/co2now.org
Upruninpuinid CO2-h Yntinwydwl wnwyb| pwnpd wndjwiuepp hwuwUGh GU wjuintbnhg. http://co2now.org
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and store carbon and release oxygen. In fact,
fossil fuels are the result of this process over
millions of years. Cutting down forests de-
prives the planet of the ability to absorb car-
bon from the atmosphere.

Forests are felled for lumber, used in con-
struction and industry, and the land is then
predominantly used for agriculture. Recent
trends in biofuels derived from agricultural
crops have only made this trend more press-
ing.

The convergence of fossil fuel burning and
deforestation has led to a marked increase in
the atmospheric concentration of CO, and
other GHGs. This, scientists argue, has resul-
ted in two negative impacts on the planet.
Firstly, global warming and climate change;
secondly, ocean acidification.

—e—Annual Mean / mwpbtlwl Uhghu
4 ———>5-year Running Mean
hugwujw uwhnn dhghu

A0

M

4
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Temperature Anomaly**
sEpUwunh6wlh wundwihw** (°C)

Firstly, let’s consider global warming and cli-
mate change. Over the past 150 years aver-
age global temperatures have been rising.

Pnutpp JGp Uninpwyh pnptpu Gu: dnuinnupl-
rtah ypngbunid npwlp Yiwunwd W yntnwyned
EU wéhuwoéhup W wlpwinnud prRYywdhu: Iwlwén
JwntGhputpu hpwywunwd wjn wpngbuh wnpgw-
uhputpl BU, ypngbu, npp inntnh £ ntutkgb| Uhihn-
bwynp wnwphutp wnwg: Uunwnwhwwndwl hi-
wnlwupny JGp dninpwyp gpyyned £ dpuninpunpg
woéhuwshup Ywubint hwwnynipynituhg:

Wutnwnutpp hwwnnud GU thwjn unwluwnt hw-
dwn, npu oqunwagnpéynid £ 2hbwnpwnniejniuncd
W wpnnitbwptGpnieyniuncd, huswtu bwl hhduw-
ywunwd gjnenwnuwnbGuniejwl hwdwnp hnnwiwnw-
nwoéplbp wqwunbnt bwywwnwyny: GnLnununt-
uwlwu yncpinnipwutphg YGuuwydwnbihp unw-
Uwint yGpobpu nwpwéwséd Jhnnwdubpu wybih
wpwquwgptght wunwnwhwwndwlu gnpépupwg-
utnp:

Rwuwén Jwnthputph wjpnudp W wuwnwnubph
hwwunwdp pbpGghu JpUninpunwjhu onnid CO4-h
W wjl ntnYhg quabiph Wwpniuwynipjwl qqu-
th waéh: SGhnuwlwuutph wyundwdp® dninpwyh
hwdwp nw hwugbgptg Gpynt pwgwuwywu Gp-
unyrh: Unwehu htprphU funupp hwdpunhwuntp
nwpwgdwu nt Yhdwjh thnthnfuntejwu Jwupt E
L www' oyyhwunuh gntiph prYywjuwgdwl:

Lwh W wnwy nhinwpybup hwdpunhwunwp nw-
pwgnudp W yhdwih thnthnpunipiniup: dbpghu
Jty U YGu hwpnpwdjwyh pupwgpenid Jhghu
dninpwywjhu sEpdwumnhdwlul wonwd £ LY. 2-
nwd gnug £ inpdwé punhwunip tnwpwgdwUu win
Gpywpwdwdybwn Jhunnwdp: Wuwnbn oqguynid
Gup gwdwph W oyyhwunuh dhghu estpdwuwnp-
dwultph gniguniupubphg 1951-1980pE. pURWQ-
pnid: Swulywgwé gbpdwumnhdwlwjhu «wundw-
LhwU», hugwbu win gwihwuh2p Yngynid £, npw-
ywu E, Geb nhunwpyynn sEpdwunphdwul wybih
pwnép E, pwu hnnudwjhu wpdbpp W hwywnwyp:
Qpwdhyhg wptbh Euywwnbl, np gLwjwéd nwnt-
Jwl wnwwnwuncdutphu, Jninpwyh punhwuncp
sGpdwuwinhdwuhU punpn? U wah Jhwnnwdubn:

Pwnén ebpdwumhdwllbpp hwdwygywéd hwd-
punhwunctp mwpwgdwl hGn wagnnd Bu JGp Un-
(npwyh ypw: LY. 3-U wdthnthnwd £ pninp nhwn-
ynn Jhuinnidubpp: Uwngwnwwnbpp hwgned Gu:

RwyhnBuwlywl uwnnigutpp hwynd Gu: Onygh
dwywpnwyp pwpépwunwd E: OYyhwlunup wnw-
pwunwd E: Swdwph sGpdwunhdwlp pwpdpw-
unwd E: UgUninpinh hwpwpbpwywl funbwynt-
rinLtup pwnén E: Wu thnthnpunceintllubpp npnow-
Uh wagnbgnieintl Yennutlu dwpnne W Juwgwé
inGuwyutph Yywuph ypw:

Pwnwpwlwl gnpéhsutph wpdwquwlplbpp hw-
dpunhwunip nmwpwgdwl W npw hGunlwuputph
JGpwptpw] mwpptn Gu: Ndwup gununcd Bu, nnp
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Figure 2 shows this long-term warming trend.
It uses an index of average land and ocean
temperature based on an average of 1951-
1980 figures. Any temperature “anomaly,” as
this measure is called, in the positive indi-
cates that temperatures are higher than the
base period and vice versa. We can see from
the chart that, despite annual vacillations, the
overall global temperature trend is upward.

The increased temperatures associated with
global warming are affecting the planet. Fig-
ure 3 summarizes all the observable trends.
Glaciers are melting. The permafrost is melt-
ing. Sea levels are rising. Oceans are warm-
ing up. Land temperatures are increasing.
The atmosphere has a higher humidity con-
tent. These changes will impact humans and
other species on the planet.

Figure 3. Ten indicators of global warming

JGUp wGwp E Ypdwwnnbup hwuwédn Junbhpubnh
ogunwagnnénudp b wybh 2wwn htudtup yGpw-
Ywuguynn EuGpghwutnh ypw, hugwhuhp Gu Up-
Uh Yywd hnnuh EuGpghwu: Ujnwuutpp wunnid Gu,
nn JGup wGwp £ hwpdwnytup unp wwjdwulub-
nhu:

Qtpdngwjhl quqgbph wpunwubwnnwdubph LYwwn-
Jwdp huynnnrpyntt uwhdwlGint wnwehu thnp-
ap Uhwynpywéd wqgbph  Ywquwytpuniejwl
2ngwliwlywihl ynuytughwu £ Yihdwih thnthn-
funipjwlu yGpwptbpjw) W ynuytughwihu hwenp-
nnn Yhnunnjh wpéwuwagpnipniup, npu hpwyw-
ywu ywpunwynpniejntulbp £ uwhdwunwd quip-
qugwé Gpypubph hwdwp® Ypdwinbine gEpunguw-
Jhu quqtph wpunwuGwnnidubpp bW hwuubnt npn-
2wyh phpwhuwiht gnigwuhautph:

Source/Unpjnipp’ National Climatic Data Center, Stafe of the Climate in 2009.: Supplemental and Summary Materials: Report at a Glance:
Highlights, Washington, D.C.: US National Oceanic and Atmospheric Administration 2010.

C Air Tamperature Near Surface (Troposphere)
{: Humidity

4
| Temperature Over Oceans

Sea Surface Temparatura

Temparatura Over Land

Liwp 3. Qpnpwp mwpwgdwl 10 gnigwlhautpp. onh gEpdwuwmhéwl Gpyph Jwytplnyph dnn (npnwynudb-
pw), lunbwynipjnil, onh gtpdwuwnhéwl oyyhwunuh ypw, é6nyh dwybplnyph gstpdwumhéwl, ényh dw-
Jwpnwy, ényh uwnenijg, oyyhwlnunid gEpunipjwl wwpnibwynipjnil, uwnrgwnw2utn, duwdwéyni)p, onh
sEpdwuwmhéwl Gpyph Yypw:

There have been several policy reactions to global warming and its consequences. Some of these
policy reactions advocate for a reduction in the use of fossil fuels and instead advocate for a reliance
on more renewable sources, such as wind and solar. Others advocate finding ways of adapting to
new conditions.

One major global attempt to bring GHG emissions under control is the United Nations Framework
Convention on Climate Change and its subsequent Kyoto Protocol, which legally binds signatory
(developed) countries to reduce their emissions by set targets.

-53-



Module 2: The Built environment and its Impacts on the Natural Environment. Global Overview

IMPACT 2. OCEAN ACIDIFICATION

Increased CO, concentration in the atmos-
phere is not only contributing to global warm-
ing, but also to greater acidity in the oceans.
Carbon is not only absorbed by plants on
land, but also oceans. Ocean acidity has in-
creased by 30% since the beginning of the
Industrial Revolution.® Figure 4 shows a low-
ering of the pH balance (i.e. increased acidi-
ty) in the northern Pacific Ocean from 1990-
2007.
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Scientists argue that if the concentration of
atmospheric CO, continues to increase at the
current rate, the ocean is likely to become
uninhabitable, especially for shellfish. Ac-
cording to specialists, this increase is occur-
ring 100 times faster than any change in aci-
dity experienced by marine organisms for the
last 20 million years.” This anthropogenic aci-
dification threatens not only biodiversity but
also human communities, particularly those
that rely on the oceans for their nutritional
needs.

IMPACT 3. ACID RAIN

Acid rain is another result of human use of
fossil fuels and other industrial processes.? It

u21638nr@3Ntuv 2. OWuhuvnNUh
ee4u3iLusniuc

UShuwppnt quwgh ywpnibwynipjwl wép Jdpun-
(npunwjhu onntd ng Uhwju bywuwnnid £ hwdpun-
hwuntp nwpwgdwup, wjil pGpnud £ oyyhwunuhp
ontnh prYywjUwgdwlup: Ushuwéhup Yiwuynid Eng
Uhwju pnyutph, wjll onh Ynnuhg: Upnyntbwpt-
pwlwl hGnwihnpunteintbhg hbnn oyyhwlnuh
rrYw UNLRINLUL wak| E30%-ny®: LY. 4-ntd gnyg k
nnjwd wnwn oyyhwunuh hyntuhuwjhu opkph
pH-h wuynudp (wjuhupl' prYwjuntejwl wap) Gp-
ynL tmwulwdjwyubnh pupwgpntd* 1990-2007RR.:

Qhnuwywuubpp wunnwd Gu, np Greb JpUuninp-
innid wéhuwpernL guwgh ywnpniuwyniejnitup 2w-
pntbwyph watp uGpywjphu ntdwbtpny, www oy-
Uhwlnup hwywlwpwn Ynwnuw Ywuph hwdwn
ng whwnwuh, Jwubwynpwwtu® thwihywdnpput-
nh hwdwp: [Bpywjunipjwl «wjn wdp», Upwlg
ywnéhpny, wnujwql hwpinipuwwwwnhy wybih
wpuwgq Epupwuncd, pwl Gpplhgt 6ndwjhu opgw-
Uhquutipp hwunhwbt| U gntph pRrYwjunLejwl
w6h wnudwql 20 Jhihnu tnwpyw pupwgpntd’:
ntnh JwpnwéhU prywjbwgnidp, pwgh YELuuw-
pwqUwquwuntejwu Ynpuwinhg, ywpnn £ hwugbg-
UGl qwuwqwl pwpwpnudubph  pwqdwehy
Jwpnywjht hwdwjuputpnud, hwwnywwbu wju-
whuhutpnud, npnup ogunyned U hwdw2huwnphw-
|hu oyyhwunuhg ubunh hwjpwjrUwl hwdwnp:

u21e8nt@3Ntu 3. RR4YU3bL
uvareduvenr

(frywihtu wusdpultbpp dwpnne ynnuhg hwuwén
JwntGhputph W wy wpnniwpbpwlywlu wpn-
gbultph Yhpwnuwu Uty wj| htwnpl GU®:

f[fpywihu wuénpup Jh Gpunye E, npp fuhunn
nwnppGpgnud £ JGpp pUbwpywsé oyyhwunuh
prYywjuwgndhg: Oyyhwunuh pRrERYywjLwgdwl
hhduwywu Jdenwynpp wéhuwsuh Gpyopuhnu E,
wju nGwpnid, Gpp pRYywjhU wubdplubpp JpUn-
(npunwjhu onnwd 66Uph Gpyopuhnh W wgnwwjhu
opuhnutph wwpnibwynipjwl Jtéwgdwl hGun-
Lwup GU: Un pwnwnphgubpp pwihwugnd Bu
onh JGp wéhuny whuwwnnn EGYunpwywjwuut-
nh, wywnndbptuwutph W wpnnibwpbpwywl
gnpénLuGnLjwU wpnynitupnud: Ypwlp Ywpnn Gu
Fwwbu waqnb] YGuuwpwquuquwunipjwl Ypw'®
nsuswgutiny ywd Juwu hwuglubiny Jvhpwwnub-
nhu, gpwjht $npwjht nt wntuwjhu LY. 5):

b “Ocean Acidification: A Summary for Policymakers from the Third Symposium on the Ocean in a High-CO2 World”, accessed April 2013,
http://igbp.sv.internetborder.se/download/18.30566fc6142425d6c91140a/1385975160621/OA_spm2-FULL-lorez.pdf

7 ibid./ Unyl wnpinupp

8 Acid rain is not one of the planetary boundary issues raised by the Stockholm Resilience Center. This could be due to the fact that, in
most of Europe and North America, the emissions of sulfur dioxide and other harmful chemicals which create acid rain have been radical-
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is a very different phenomenon from ocean
acidification. Unlike ocean acidification,
where the main culprit is an increased con-
centration of CO,, in acid rain the compounds
responsible are sulfur dioxide and nitrogen
oxides. These compounds are emitted into
the air from coal power plants, industrial ac-
tivity, and automobiles. They can severely
impact biodiversity, killing or damaging in-
sects, aquatic life, and plants (Figure 5).

Buildings and monuments are also affected
by acid rain, especially those made of sand-
stone, limestone and marble, which slowly
“melt away” like sugar in rain.

There have been significant global efforts to
control sulfur dioxide and nitrogen oxide
emissions from coal power plants and other
industries. Global treaties, national laws, and
the creation of an emissions market have
helped to substantially reduce emissions.®

In the US, for instance, the mean atmosphe-
ric concentration of sulfur dioxide has fallen
by more than 70% over a span of almost 30
years (1980-2008)." The impresssive visual
representation of this major accomplishment
can be seen in Figure 6.

Various technologies, such as filters and
scrubbers, have been employed to reduce
harmful emissions. The sulfur captured is of-
ten then mixed with lime or limestone to ob-
tain calcium sulfate, a compound also known
as gypsum that is used abundantly in the
construction industry.

Ctuptpp W hnwwpédwllbpp Unyuwbu nnwdnud
GU prYyw)hUu wudplltpnhg, hwnjwwbu wjl 26U-
ptpU nL hnwpbéwluubpp, npnup Wwnpwunywsd
&U Ypwpwnphg Ywd Jwpdwphg. npwlp ninnwyh
«hwyntd Gu» hugwybu wpwnl® wuaplhg:
Rwdpunhwuntp swuptp U gnpéwnpytp wéhuny
w2uwwnnn ElGYwnmpwywjwluutphg W wj wpnne-
UwpbGpwlwl dGnUwnyniejnilutnhg 66Uph op-
uhnh W wagnunh opuhnutph wpunwuGwnnwdutph
Uywwndwdp huynnnipntt uwhdwlGne nLnnnt-
pjwdp: Uhpwqqwjht wwjdwlwagntpp, wqgu-
Jhu  opGuunpniejnLUUGpp W wpunwubGwnnidubnh
ontywih dlwynpnudp wpnn U bwywuwnbp wnp-
tnwltwnnwdubph Ewywl ypdwndwup®:

WUL-nwd, 1980-2008pe. GpnGulwdjw dwdwlwlw-
hwwndwénid, 66dph Gpyopuhnh wwnpniuwynt-
rjnLtup UJwaqb| £ 70%-ny™: Wn 2npwithbh Ujwé-
JwU wnnwwynphg wwwnybpp ubpyuwjwgywé £ uy.
6-nLU:

Juwuwywn wpnwuGnndubnp Ypdwinbine hw-
dwnp ognwagnpénud EU tnwppbp wnGhuuninghw-
utn’ quhgutp, uypnipbpubp W wju: Ynpgwé
66nudpp huwnunud BU Ypwpwph ywd yph heunn'
unwuwiny Ywighndh untpdwn, npp hwjnlh £
ghwyu wujwludwdp L wjunptU ogunwgnpéynid
E 2hbwpwpwlwUu wpnyniuwpGnniejniuncd:

Figure 5. Effects of acid rain on wooded areas in the
Czech Republic

Ljuwnp 5. PRrYywjhu wubplutph htmbwuputpp 2Gfuh-
wjh 3wbpwybunnipjult wunwrwéwsdly nwpwsdput-
pnud

ly reduced. This has been accomplished through effective international efforts. However, some countries, like China, continue to pose a
problem and need to bring industry up to international standards.

Brywht wuépup Yhdwlwintunigjwlu Uwnnyhndh  yeunpnup  ynndhg wpéwpéddwé' Unpnpwyh  Jwupunwpny qupgugnidp
uwhdwUwthwynn puunhputphg s£: QGnigt wjl wwwndwneny, np Gdpnwwih L 3jntuwghb WdGphywih J&6 Jwunwd prywiht wuépl
wnwowglnn' 66Uph Gplopuhnh W Juwuwlwp wy, phdhywwnubph wpunwubunnwdubpp Yupniy bjwgnud GU wwpbp: Uw unwgytg
Uhpwqquwjhu ESGYinhY swlptnh wprynitupnid: Npn2 Gpyputp, huswbu Qhuwutwlp, uwyw)l, 2wpnibwynd BU Yunwug UEpYwjwgut,
U npwlg wpnynitbwpBpnipiniup wGwp £ pepdh gnpénn unwunwnpwubphl:

°® A number of international treaties on the long-range transport of atmospheric pollutants have been agreed. Examples include the
“Sulphur Emissions Reduction Protocol under the Convention on Long-Range Transboundary Air Pollution”. Most European countries
and Canada have signed these treaties. Canada and the US signed the Air Quality Agreement in 1991.

Uwnnpwapybp U Jh 2wpp Jvhpwqggwjht hwdwéwjuwagntp Jdpuninpuwjhu wnunuinhsubph Jt6é hGnwynpnipiniulbph ypw inbnw-
thnfuniejwl JwuhU: Ophuwy® Onh wnwnnunhgutph UG hGnwynpnipiniuubph ypw wunpuwhdwlwihu wnbGnwithnpunipjwl ynuytbu-
ghwjh® B6Uph wpwnwubwnnidubph Ypdwwndwl JwuhU wpéwlwagpnipiniup: Ywbwnwl W WUL unnpwgptp 6U Onh npwyh Jwuhlu
hwJdwawjuwghpp 1991pe.: GYpnwywywl Gpyputph Uedwdwulnieintup b Ywbwnwl unnpwagnt) GU wjn hwdwéwjuwapbpp:

10 «Clean Air Markets 2008 Highlights”, accessed March 2013, www.epa.gov/airmarkt/progress/ARP_4.html
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Figure 6. Major reductions in annual wet sulfate deposition in the US
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IMPACT 4. AEROSOL LOADING

Since the onset of the industrial era, the at-
mospheric concentration of most aerosols
has doubled.”" This has led to both climatic
effects and human health impacts. Aerosols
are the suspension of fine solid particles or li-
quid in gas. Examples include clouds, smog,
and smoke. Loading the atmosphere with an-
thropogenic aerosols is considered to be a
major contributor to the disruption of water
cycles. Scientists believe a major impact has
been the shifting in time and intensity of
monsoons in Asia. This increased aerosol
loading is also responsible for an estimated
800,000 deaths per year, mostly in develop-
ing countries.

IMPACT 5. OZONE-LAYER
DEPLETION

In the 1970s, scientists began to suspect that
coolants, refrigerants and aerosols, which
had compounds known as chlorofluoro-
carbons (CFCs) in common, were responsible
for depletion of ozone in the atmosphere. By
the 1980s, evidence was mounting that the
ozone layer in the earth’s stratosphere was
thinning to dangerous levels. It was also ob-
served that, during spring, erosion increased
substantially (Figure 7).

The depletion of ozone allowed more ultravio-
let light to enter the atmosphere, increasing
chances of human skin cancer. There was
also evidence that marine life and agricultural
crops were being affected.

u21a68nr@E3NIu 4. UGrN2NLGNP
u2agcsnre3ntue

Upnynibwpbpwywl nwpw2npgwlh uygphg Uhg
wjuop wkpngniGph U6 dwuh wwnnilwynip)nt-
Uup (Ynugbunpwghwl) dJeUninpuinud  Ypyuw-
wwwnyyt £ 2w pbpbl £ huswbu Yihdwjwlwl
wanbgnip)nLuutph, wjuwbu E Jwpnne wnnn-
gnipjwl Ypw wanbgnipjwl: Uenpngnitpp whun
ywd hgnniy Jwupwagntju dwulhyubnph Ywhuntje-
uGpu GU onnwd: Npwbu ophuwy Ywpnn U LpybLp
wuwbpp, udngp W énthup: Uwnpnwdhu wknngn| G-
nny pGnuwynpywéd dpUninpuinp hwdwpyned E oph
2ppwihnih fuwhundwl hhduwywl ywundwnub-
nhg JGyp, nnh wpnynitupnid, pun ghnbwywuub-
nh ywnséhph, thnfuynid GU dniunbwjhu hnnutpp
Wuhwjnid @5 puwn nudgunipjwl, RE pun dwdw-
uwyh: Uplninpuinh wjnuwhuh wtpngniwjhu qbip-
pGnuywénie)ntup ywwndwn £ Unnwynp guwhw-
tnwywulubpny nmwptywu 2npe 800 hwquwn dwh-
qwu' hhubwywuntd qupgwgnn Gpyputpned:

u2168nr@3NrL 5. 02nNLh G6NrSh
euseusntuc

1970-wywl  pJwywllbphg ghwnuwlwllutbpp
GUWU wju hwdngdwl, np gnunwyhp htnnLyutpn,
uwnuwyhputpp bW wtpngnitpp, npnup JUhwynn-
Jb&| Epu UGy punhwuncp pinpdunnpushuwdhulbn
Eedy) wujwu wnwy, hwunhuwunwd GU JpUuninp-
inh ognuwjhu 2Gpwnh pwjpwjdwl wywwnwupiw-
UwuwnniuGpp: 1980-wywulEphu wpnbEu pwyw-
pwn wnGnGywwnynieintt Ep Ynuinwyybp Spynh
JpUnnpunh ognUwjhu 2Gnpinh pwjpwjdwl yGpw-
pEnjw: Uwwgnegyby Ep bwl, np pwjpwjdwU hu-
intGuuhyniejntll wénwd £ gwpuwlwjhU 2pow-
unwd (LY. 7):

" Rockstrém et al, “Planetary Boundaries: Exploring the Safe Operating Space for Humanity”.
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By the mid-1980s, in what was in fact a rec-
ord time for the international community to
act, the Montreal Protocol was drafted and
signed by 197 countries. This protocol set
targets to phase out the use of CFCs in refri-
gerators, air conditioning units, etc.

Industry also responded by developing inter-
mediary solutions to using CFCs. One alter-
native was hydrochlorofluorocarbons
(HCFCs). While still ozone depleting, HCFCs
did so to a much lesser extent. Production
and consumption of HCFCs are now being
phased out'? and replaced by hydrofluorocar-
bons (HFCs), which have no ozone depleting
potential. That said, HFCs have a high global
warming potential.™

Figure 7. Largest recorded ozone hole over the
Antartic (Fall 2006)

Source/Unpjnipp' NASA

Ljwp 7. Uunwplyumhnwjh ypw gpwugjuwé wdt-
bUwdté ognuwjhu wugpp (2006 w2nLl)

The Montreal Protocol regulates (and will
eventually ban) the production and consump-

Ognuh 2Gpuinh hjnwénudp pbpnud £ UpGgwyh
niinpwdwlnwywagneu |pyuh pwithwlugdwlp
Snynh JeUninpwn: Yw pwpbpwglnd £ dwpyw-
JhU pwngytnh nhuyp Jwpnywug dnwn: Ywl Lwl
wuwwgntjgubn 6ndwjhu Yywuph W gjpLnununt-
uwlwu dpwywpniubph ypw wyn Gpunyph pw-
gwuwlwlu wanbgniejwl yGpwpbpjw:

1980-wywlulbph ytutphu, vhowgqwjhu hwupnt-
pjwlU wpbdwgqwlph hwdwp nGynpnwiht Ywpé
dwdwlwlywhwwywoénd, dowyybg W 197 Gp-
Uputnph Ynnuhg unnpwagnytg Unuptiwih wpéw-
Uwagnpniejniup: WU phpwhpiwynpwéd Uywunwy
Ep hGnwwlunnud wunmhdwuwpwp Ypdwwnb pnp-
dunnpwshuwshuutph (EdHU) Yyhpwnndp uwnlw-
pwuutpnid, uwngwpwuutpnwd, onnpwyhguGpnud
W wynip:

Uowlyytghu Jhpwulyjw| wjpuinpwuputp, npnu-
ghg GU hhnpnpinpdwnnpwdhuwdhultpp RRDU):
Wu Jhwgnipjntulubpp unyuwbu pwjpwnd Bu
ognuh 2Gpwp, uwlwju wuhwdtdwwn  wybh
nwunwn, pwlu LdU-ULpp: Wn wwwdwnny
npwug wpunwnpnieintll wunmhdwlwpwn yn-
swwnynid E:" Wy dhwgniejntultpp® hhnpndunn-
pnwoéhuwshuubpp (RdU), ognuh 2Gpinh pwjpwi-
Jwlu wnwbBughw| snluBU, uvwlwju upwlp £
nLUbU gnpw| tnwpwgdwl pwpanp wnwntughwy:'™

QuUwjwd np UnupGwh wpdwlwagnpniejnitup Ywp-
gwynpnud £ (YGpohu hwodny' wpgbwthwynid £)
LdU-UEpPh wpnwnpnip)nLul nL oguwagnpéniup,
hhu uwnUwpwuutphg W onnpwyhsgubphg «dw-
nwugnLpintlu» Juwgwéd LdU-UGNp s6U huyynid:
Qwnpqwgwd Gpypubph UG Jwund nGnwywl
h2tuwuntpintbutpp ywqdwytGpwnd  Gu  hpu
uwppwynpnidutph hwywpl nu ogunnwhwuntdp,
nnpnup Ywpnn GU wwpnibwytb bwl Juwuwywnp
phuhwywl Ujnietn:

tion of CFCs. However, if the “legacy” stock of CFCs in old refrigerators and air-conditioning units is
not managed, CFCs will continue to pose a risk. In most developed countries, municipalities have or-
ganized the collection and proper disposal of old equipment that may contain such harmful chemicals.

IMPACT 6. CHEMICAL POLLUTION:
POPs and OTHERS

Chemicals created or used to make our lives
healthier, more convenient, and safer can
sometimes have unintended consequences.
Indeed, they can be harmful to other living
organisms or even ourselves.

Analysis of wastewater, for instance, provides

u21a68nr@3NrL 6. ehUhUYUL
uasnsnru. yusnru orquuuyuL
uasnshrauer

Chuhwlwl Ujniebpp, npnup JGUp uwnbnénid L
oguwagnnénid Gup, npwkugh JGp Yywlpp nwnaé-
UGup wyth wnnne, wyth gnpduwywl, wybkh
wwwhny, Gpptdu Ywpnn GU UG, wluwwublh
hGunlwuplubp: Opphuwy'® npwlp Ywpnn GU

2 “HCFC Phaseout Schedule”, accessed April 2013, http://www.epa.gov/ozoneltitle6/phaseout/hcfc.html
3 «Ozone Layer Protection Glossary”, accessed April 2013, http://www.epa.gov/ozone/defns.html
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fascinating insight. In a 2006 study, scientists
from the US Geological Survey (USGS) pur-
chased or obtained nine different com-
mercially or publicly available biosolids (solids
obtained from sewage treatment plants) and
analyzed them for 87 organic chemicals
found in cleaning products, personal care
products, pharmaceuticals, etc. They found
concentrations of 25 of these 87 chemicals in
all of the samples, including compounds that
are pharmaceutically and hormonally active,
such as antimicrobial disinfectant (triclosan),
musk fragrance (tonalide), antihistamines (di-
phenhydramine), and antiepileptic drugs
(carbamazepine). Some concentrations were
at very high levels."

Other studies, again by USGS, demonstrate
that exposure to endocrine-active contami-
nants can cause hormonal disruptions, which
have disastrous impacts on fish populations.
One of these impacts is the presence of both
male and female characteristics within the
same fish. One study showed that fish popu-
lations living downstream from wastewater
discharge points are dominated by females;
18-22% of the population had characteristics
of both sexes. Similar evidence has been
gathered in other river systems in the US."

The discussion above shows but one means
of how household chemicals enter into non-
human systems; there are several others.
Increasing attention is being placed on appli-
ances and electronic waste (cell phones,
computers, television sets, compact fluores-
cent light bulbs, etc.). When these types of
waste deteriorate, pollutants (such as heavy
metals) enter into the natural environment in
concentrations that can be harmful to human
and environmental health.

Street run-off (the water from streets that en-
ters storm drainage systems) eventually en-
ters water ecosystems and can cause envi-
ronmental damage. A 2008 report by the US
National Research Council identified urban
run-off as a leading source of water-quality
problems. Street run-off contains oils, grease
and toxic chemicals from motor vehicles, pes-
ticides and nutrients from lawns and gardens,
heavy metals from roof shingles, etc.

Effluents from industry (mining, manufactu-
ring, processing, etc.) are also major contrib-

Juwuwywp hub) wy) yeunwuh opqwuhquutnh,
GppGUu Unyuhuy htug JGnp hwdwn:

Utugwnwjhu pwthnuutph wnnudny hGnwgynn
onGph yGpinuénipyniup npn2 Gapwhwugnidubph
huwpwynpniejntl £ wmwihu: Cuwn 2006p. Yw-
nwnpywé hGnmwgnunniejwl, WUL Gpypwpwlw-
ywu Swnwjniejwl (USGS) ghinuwywuutnp qub|
ywd atnp BU pbptl 9 nmwppbp YEUuwpwluwywl
Swadwl whun duwgnpnutp (Jwppdwlu nbnw-
YwjwlpUutphg unwgynn whun Untptnp) L yap-
LnLé6 npwlug pwnwnpnieintup 87 mnwpptp phuh-
wywlu JhwgnipntuutGph wnenwdny, npnup ww-
pntbwyyned GU Jwppnn dhengutpnud, wuhwwnw-
ywu hhghBuwjh Jhgngutpnid, ntnwudhgngutpnid
W wj UjnLptpnud: Lpwup pwgwhwjwnbghu, np nh-
nwnyjwsé phdhwywl Jhwgnipinilubphg 25-p
wnyw EhU pninp UdnuGpnud, UGpwnjw] Jhw-
gnrejnLuutpnud, npnup wywnhy U nGnwagnnéw-
ywu L hnpdnUw| wnnuwdny: HYwughg GU hwlw-
Uhypnpwjht hwywutudwu dhgngutpp (nphypn-
qwl), Unwuynwup (nnUwihn, wuwnhhhunwuhl,
nhutnnn)), hwywtwhGwuhy (Ywppwdwqgbwhl)
W wj Jhengutpp wnwppbp ynugbunpwghwub-
nny' GpptUl pwywywuhl pwpan™:

UUL Gpypwpwlwlywl dwnwjniejwU w)j| hGuw-
gnunrpintuutpp gnig Bu wnydty, np Eunnyppuw-
JhU wywnhy wnunnnhgubph wanbgnieiniup Yw-
nnn £ wpunwhwjnytp hnpdnuwjhu 26nnidutnny,
npnup Jwpnn GU wnGwnwih wgnbgnipintu nLuk-
Uwy dyutph pwquwgdwl wpngbulbnh ypw: Wn
wqntgnip)ntlltphg Jtyp Jhlunyu 4ywu opgw-
Uhqunud G wpwywl, G hgulwl puniLpwant-
nh Jhwdwdwluwyjw wnywjnipinitul £ UGY wy
hGunwagnwnnteniu gnijg £ wndt, np yenunwenptnph
pwhdwl Jwjphg htwnn gpbph unnnphu hnuwup-
uGpnud puwyynn adyubph dtbe gbpwypnnd Bl
hqwywu utnh UGpYwjwgnighgutipp, huy dyutiph
punhwunitp wndwdp 18-22%-U odnywé £ Uhw-
dwdwlwy Epynt ubrh hwwnynieiniuutpny*:

JdGpp pEpdwé ophuwyutnp gnig GU wnwihu, RL
huswGu JGp unynpwywl ytugwnwihu phdhwl
dniwinp Egnpénud ng dwnpnywjhu hwdwywng: Ywl
LUwl Uh pwUuh wy| ninhubp: MGwnp £ UGS nupwnnnt-
pINLU nwpdutp Jbp yugwnwjhu wnGpuuhywih W
ElGyunpnuwjhu pwihnuutphu (pgewhU hEnwhunu-
utp, hEnnLuinwgnigutn, hwdwywnpghgutn, ynd-
wwyw ygndhbbugbUnwihl (wdwtp W wyl): fdw-
thnulGph wju wnbuwyutpp, Gpp pwjpwjynd Gu
npwugnud  wwnpniuwyynn Swunp JGunwnubnp,
npnup Unyuwbu pnlwynp GU, swihwquwlg
Juwugwynp U hwwnlwwbu opgwuhquniu
yntinwyyGnt ntbwynrejwl 2unphhy:

'* Chad Kinney, Edward Furlong, Steven Zaugg, Mark Burkhardt, Stephen Werner, Jeffery Cahill, and Gretchen Jorgensen, “Survey of
organic wastewater contaminants in biosolids destined for land application”, Environmental Science and Technology 40 23: 7207-7215.
1% “Tackling Fish Endocrine DisruptionUU, accessed March 2013, http://toxics.usgs.gov/highlights/fish_endocrine_disruption.htmi
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utors to the pollution of air, land, and water.
Industrial sites harbour toxic pollutants, mak-
ing them unfit for other uses such as habita-
tion, recreation, agriculture, etc., unless they
are cleaned, a process that is very costly. To
ensure that toxic pollutants are contained and
managed, a well-functioning regulatory sys-
tem has to be in place.

Toxic pollution is a vast field. Some pollutants
are toxic to humans only, some to non-
human organisms, and some to both. One
category of chemical waste that falls under
the last category is persistent organic pollu-
tants (POPs). POPs are human-made chemi-
cals that do not biodegrade. Over time, they
accumulate in organisms.

Initially, 12 chemicals were labeled as POPs
(Figure 8). More recently, nine more che-
micals have been added to the list."® Most
POPs are pesticides or insecticides; dichloro-
diphenyltrichloroethane (DDT) is the best
known. POPs can also be industrial chemi-
cals, such as polychlorinated biphenyl (PCB).
PCB has many applications, one of which is
as a heat-exchange fluid in electrical trans-
formers and capacitors.

Two other types of POP, dioxins and furans,
are emitted when burning municipal waste,
including backyard burning of trash, a prac-
tice that is unfortunately too common in Ar-
menia.

POPs have been detected in places where
there has been no history of their use, indi-
cating that they travel long distances through
water, air, and the food web. The spread of
POPs far and wide is a stark reminder that
our planet is a biochemically small and
closed system.

3GnEnnLtinwihu Ynnnnt onptnpp, huswtu bwle thn-
nngutpny hnunn hnuptpp, YGpghu hwoyny
dnuinp GU gnpéonud gopwjhUu Eynhwdwywnpg W
untjuwytu Yunpnn GU Juwu hwugub) 2pswyw Uh-
swywjnhu: Uhwgjw| Lwhwugutnph Uggqwjhu ht-
tnwagnuntentuutph punphnipnp 2008w, hwoyb-
wnyncejncund upnud £, np pwnwpwjhUu gnwjhu
hnuptbnp onh npwyh wywhwywudwu hhduwywl
fuunhpubphg JGyu Gu: dnnngwjhUu hnupwyentnp
wwpniuwynwd BU jnuntn, dwpwtp W pnibwynp
phdhwywl Ujnietp, npnup hnuweptbph Uty Gu
wlgt] wywnndtGptUwutnh 2wndhgubphg, wjqh-
uGpp L Jwlwswwwwn  nwpwénie)nLlutph
Jowydwl entbwphdhywuwnubnhg, 2Guptph nw-
UhpuGpp wywuwnnn Uniebph JGe qunbgnn dwln
JGunwnubnphg W wj wnpjniputphg:

UpnntbwptpwywUu hnuweptbpp (hwupwpnniuw-
pGnnie|nll, wpwwnpnieinlu, yGpwdowynud L
w)U) unuwGu hpEug npl nLtuBU onh, 9nh Whnnh
wnunnndwl JGe: Upnyntbwpbpwwu hnuwentpp
wwpniuwyned GU wjuwyhup pncbwynp wnunnunhg-
utn, nnp huwpwynp sh nwpdunwd wyn enknph he-
nwqw ogwnwagnpéniul wj bwywwnwlyutnpny, onh-
bwy, puwynrpjwl Juwjptpnud, hwuguunnh, YyGpw-
Jwlgpunnwywl gnunhubnnid, gjntnununtbuw-
ywu tnwpwéplubnnid, GrE npwup s6U BupwnpyyLl
pwywywuhu éwhiuwwnwp Jwpnpdwl: @ntbwynn
wnununhsguGph ywnwywnpdwlu W yuwpgwynpdwl
hwdwp wuhpwdt2wn U tnEnntd Yhpwnynn Ywp-
gwynpnnunpdwuwnhy dhgngubn:

(entuwynp wnununhgubpny Jwpwywd nwwnu
punwpéwy E: @nuwynp wnunnunhsubph Jh Jw-
up Juwuwywn £ Jhwju dwpnnt, djncu dwup® wj)
opqwUuhquutph W yEppwwbu UGy wj Jwup® pE
dwpnnt, RE wj opqwuhgdutph hwdwp: Wju
y&pghu nwuh wnwunuhgutph pyht GU Wwwnyw-
unwd Juyniu opgwlwlwl wnnnunhgubpp (UOU):
Uju wnununhgubpp Jwpnne ynnuhg untbnéywé
phuhwywl Jhwgnipniuutp Gu, npnup YELuuw-
pwlwlywl pwjpwjdwl s6U Bupwnpyynd W ync-
tnwyynwd BU opqwlhgdubnnid:

Uygpuwlwl 2ppwund 12 phdhwywUu Ujniebp
punLrwapytghb npwbu Ywjntu opquwywu wn-

wnnunhgutp LY. 8): Aninpndhu yGpgtpu Lu 9 phdhwlywl  Jhwgnipniuubp  wybiwgybghu wyn
gwlyhu': Wn YOU-ubph UtS dwup pntbwphdhywntbn Ywd dhswinwuwwl BU* 2w (wy hwjn-
uh YMS-h ywpniuwynipjwdp:Uwywju gnjnieinit ntublu bwle wprnynitbwpGpwywl dwagnwdny ph-
Jhwywl YOU-Utp, ophlwy® wnihpinpwgywé phdtuhiutpp (PCB), npnlg pwquwwhuh Yhpwn-
Jwl ninpinutphg Ywpbih £ upbp gtpdwithnfuwuwyhguGpned, ElGHunpwwu tnnpwuudbnpdwnnnput-

nnid W ynunGUuwwnnputGpnid Yhpwnnipiniup:

Awlghg Gpyniup’ nhopuhlutpp W $nipwultpp, wupwnynid U YEugwnwihu wnph wjpdwl dw-
Jwlwy, win pynd” ninnwyh pwytipnud, Jh gnpéplpwg, npp, ndpwhinwpwp, pwjwywl nw-

pwoéywéd £ Iwjwutnwuncd:

'8 “Stockholm Convention > Home”, accessed April 2013, http://chm.pops.int
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LUOU Jhwgnipjniulutnp hwjmbwptpytp GU Uungyuhuy wjbwhuh JwjpGpned, npuintn npwup Jhug win
Gpptp s6U oguwgnpét: Yw fununid £ wju JwuhU, np WOU-UEpp «dwlwwwphnpnnid» GU UGS hi-
nwynpntejntuutnh ypw' wugutiny onnd, opny L ulunwjhu 2npwutpny: YOU-UEph winwhuh nnw-
pwéndp fuhuwin hhotgnud £ wiju, np JGp dnpnpwyp YGuuwphvhwlwl inGuwuyjniuhg thnpp W thwy

hwdwywng E:

Figure 8. An overview of the 10 POPs (red high-
lighted text indicates presence in buildings or

cities)

Lywp 8. Ywynit opqulwlwl 10 wnunnnhgubph wd-

thnth punipwgptpp (Ywpdhp Gpwbqwynpnudp Law-
Uwynwd £, np wyn YOU-UEpp werlw U LUwl 2GUpPE-

m Global Historical Use/Source

Aldrin and
Dieldrin

Chlordane

DDT

Insecticides used on crops, such as corn
and cotton; also used for termite control.

Insecticide used on crops, including
vegetables, small grains, potatoes, su-
garcane, sugar beets, fruits, nuts, cit-
rus, and cotton. Used on home lawn
and garden pests. Also used extensive-
ly to control termites.

Insecticide used on agricultural crops,
primarily cotton, and insects that carry
diseases, such as malaria and typhus.

Endrin

Mirex

Heptachlor

Insecticide used on crops, such
as cotton and grains; also used to con-
trol rodents.

Insecticide used to combat fire ants,
termites, and mealybugs. Also used as
a fire retardant in plastics, rubber, and
electrical products.

Insecticide used primarily against soil-
based insects and termites. Also used
against some crop pests and to combat
malaria.

Hexachloro
ben-zene

PCBs

Toxaphene

Dioxins and
Furans

Fungicide wused for seed treat-
ment. Also an industrial chemical used
to make fireworks, ammunition, synthe-
tic rubber, and other substances. Also
unintentionally produced during the
combustion and the manufacture of
certain chemicals. Additionally an im-
purity in certain pesticides.

Used for a variety of industrial pro-
cesses and purposes, including in elec-
trical transformers and capacitors, as
heat-exchange fluids, as paint additi-
ves, in carbonless copy paper, and in
plastics. Also unintentionally produced
during combustion.

Insecticide used to control pests on
crops and livestock, and to kill unwant-
ed fish in lakes.

Unintentionally produced during most
forms of combustion, including burning
of municipal and medical waste, back-
yard burning of trash, and industrial
processes. Also can be found as trace
contaminants in certain herbicides,
wood preservatives, and in PCB mix-
tures.
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Source: “Persistent Organic Pollutants: A Global Issue, A
Global Response”, accessed February 2013,
www.epa.gov/international/toxics/pop.html#table

LnénypUGnnLU W PCB-UGph fuwnUnipnniy:

Unpjnipp’ «Ywjnit opgulwwl wnunnnhgubp. ginpw fuunhp,
gLnpw| wunpwnwnd», 2013p. thtwpywnh npnipjwdp
www.epa.gov/international/toxics/pop.html#table
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IMPACT 7. LAND-SYSTEM CHANGE

Humans have radically changed land sys-
tems all over the planet. Urbanization is a
factor, but not the biggest contributor to land-
system changes. Close to 50% of the world’s
population lives on 3% of the Earth’s surface.
In this respect, urbanization is a very efficient
solution for housing populations and manag-
ing population growth. The bulk of land-
system change occurs because of agricul-
ture, the need to feed both urban and non-
urban populations.

Estimates suggest that almost 50% of the
world’s forests have been cut down and con-
verted into agricultural land. This translates as
an average of 1% of total deforestation per
year for roughly the past 50 years."” With re-
cent attention focused on biofuels derived from
agricultural crops such as corn, sugar cane,
etc., this worrisome trend is only intensifying.

These changes to land systems are directly
responsible for the loss of biodiversity and
higher levels of land erosion. Less directly, it
disrupts the nitrogen and phosphorous cycles
and can result in eutrophication. Impacts 8
and 9, below, discuss these phenomena in
greater detail.
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IMPACT 8. DEPLETION OF
FRESHWATER RESOURCES

Only 2.5% of the global water supply is
freshwater. The remaining 97.5% is stored in
oceans and is not suitable for drinking unless
its salinity is reduced. Of the total freshwater,
about 70% is stored in glaciers. The remain-
ing 30% is mostly groundwater with only
0.4% water on the planet’s surface or in the
atmosphere (see Figure 9 for a diagrammatic
presentation of these statistics).

Humans have tapped heavily into groundwater
and surface freshwater to meet their needs in
agriculture, industry, and domestic use.
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Utp dninpwyh gpwjhu wwwnubnph Jhwjl 2,5%-
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wnuwuwwnnibwynipjwl bjwqdwl wyhwnwuh sGu
ogunwagnpédwl hwdwp: Bwngpwhwd 9nph pun-
hwunp wywpwnubph 2nipe 70%-p ywhGuwnw-
ynpywé £ uwngwnwwntbpnid: Uuwgwd 30%-p
hhduwywunid wwpnibwyynd £ puwhnnnd W
Jhwju 0,4%-U E guuynd JGp dninpwyh Jwyb-
plnyrehu ywd dpUninpunnud: Wu yhdwywagnnt-
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Y Millennium Ecosystem Assessment, Ecosystems and human well-being: synthesis, Washington, D.C.: Island Press, 2005.
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Clearly, water does not disappear after use.
However, its availability and cleanliness at the
rate required by humans and other species is
affected. It is estimated that 25% of the world’s
rivers does not reach its final destination
because of human use,” including, for
example the Colorado (US), the Yellow River
(China), the Indus (India), the Rio Grande (US
and Mexico), the Amu Darya and Syr Darya
rivers (Central Asia), the Murray River
(Australia), and the Teesta River (India)."
International disputes and conflicts arise from
such overuse and natural ecosystems are also
severely affected.

It has been argued that water will be to the
21% century what petroleum was to the 20™.
Wars will be fought over this resource as ac-
cess to it becomes more difficult. While there
are several notable conflicts in the world to-
day over water resources, it is arguably too
early to draw up doomsday scenarios on this
topic just yet.

Firstly, technological change may make po-
table and irrigation water available to parts of
the world that have difficulty accessing it. De-
salination technology, even if very expensive,
has turned Saudi Arabia from an agricultural
importer to a net exporter in a mere 20
years.?

Desalination, of course, is an energy-inten-
sive process which, as discussed earlier, has
its environmental considerations. Moreover,
the process generates massive amounts of
brine (or saltwater) that needs to be man-
aged. High concentrations of salt have se-
vere impacts on aquatic ecosystems and can
turn parts of oceans into dead zones.

Not every country or community has access
to the ocean. A country like Armenia relies on
its underground and surface water reserves.
Management of these resources will be key
to communities’ and countries’ survival. How-
ever, underground water tables are dropping
at rapid rates. Rivers and lakes are being pol-
luted and overused. This is only expected to
increase with population growth.

Greater population will have a large impact
on water resources, not so much for domestic
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8 Will Steffens, “Tipping Elements, Planetary Boundaries and Water", Water Front Magazine, November, 15, 2009.
Qwdwpyp Ywwwpywsd £ puiht nbuncpulbph Jwrwdwpdwl Jvhpwqgwihl hUuinhwnnunh ynndhg L UbpYujwgywéd E “Tipping
Elements, Planetary Boundaries and Water”, Will Steffens, Water Front Magazine (Nov 15, 2009) hnwwwnpwydwu JGe:

“8 Mighty Rivers Run Dry from Overuse”, accessed March 2013, http://environment.nationalgeographic.com/environment/photos/rivers-

run-dry/

% United Nations Environment Program, Keeping Track of Our Changing Environment. from Rio to Rio-20 (1992-2012), Nairobi, 2011.
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use (drinking, washing, cooking, etc.) but for
agriculture. Globally, agriculture is the largest
user of water (Figure 10). This is followed by
domestic and then industrial use. Therefore,
water availability will affect food availability.
Additionally, water availability will have a di-
rect impact on the ability of a country to grow
industrially.
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Figure 9. Global distribution of water
Source/ Unpjnipp’ United States Geological Survey (USGS)
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Figure 10. Global water use by economic sector (past, present, and projections for the future)
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The grey band represents the difference between the amount of water extracted and that actually
consumed. Water may be extracted, used, recycled (or returned to rivers or aquifers) and reused
several times over. Consumption is final use of water, after which it can no longer be reused. That extractions have
increased at a much faster rate is an indication of how much more intensively we can now exploit water. Only a
fraction of water extracted is lost through evaporation.

Sourcea: A. Shikklomanov, State Hycrolgml Inatitute (SHI, S1. Petersburg) and United Nations Educational Scientific and

Cultural isation (UNESCO, Paris), 19
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There is also a public health aspect to access
to clean water. The World Health Organization
reports that 1in 6 people in the world (or almost
900 million people) do not have access to clean
water.?’ Sanitation issues, which are also
related to inadequate access to clean water,
account for 88% of deaths from diarrhea
worldwide. Even in Armenia, where we pride
ourselves with an abundance of water
resources, the contamination of drinking water
with chemical and microbiological organisms is
taking its toll on some rural communities.

The management of water resources, both
for human and environmental health, has to
be among the highest priorities of any com-
munity or country. Without such stewardship,
the consequences will be dire, not only for
humans, but also a large number of species
and ecosystems.

2 http://www.unwater.org/
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IMPACT 9. DISRUPTION OF THE
NITROGEN AND PHOSPHORUS
CYCLES

There are several biochemical cycles on
which the planet relies for its continued liveli-
hood. These include the carbon cycle, oxy-
gen cycle, water cycle, nitrogen cycle, phos-
phorous cycle, and others. We have touched
on the carbon, oxygen, and water cycles indi-
rectly in our discussions on climate change
and freshwater use. Students are encour-
aged to learn more about these cycles on
their own.

In this section we will focus on the nitrogen
(N) and phosphorus (P) cycles and how their
disruption is threatening environmental sus-
tainability. Researchers report that human
modification of the N cycle is profound. Hu-
man activities now convert more N from the
atmosphere into reactive forms than all of the
Earth’s terrestrial processes combined.?

This conversion happens in many ways, for
example the production of fertilizers for agri-
culture, the cultivation of vegetables (which
fix nitrogen close to their roots), fossil fuel
combustion, and burning of biomass.

Through a complex process, some of these
anthropogenic disruptions to the N cycle
eventually lead to shifts in lake and marine
ecosystems. The main impact is the creation
of hypoxic or anoxic conditions through a
process called eutrophication. Eutrophication
can be both a natural and anthropogenic pro-
cess; however, as an anthropogenic process,
its impact is greater and can significantly af-
fect natural systems.

Through rain and wind, soil with high N con-
tent (due to fertilization or vegetable cultiva-
tion) accumulates in slow moving bodies of
water such as lakes or estuaries. In places
close to human settlements, this process ac-
clerates with untreated sewge (which have
high N content) or storm water (which can
have topsoil high in N).

Once slow bodies of water begin to have high
concentrations of N, populations of certain
species of algae bloom rapidly. These
blooms can have disastrous effects: a) light is
unable to penetrate deeper into water, affect-
ing species that inhabit lower depths; b) when
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22 Rockstrom et al, “Planetary Boundaries: Exploring the Safe Operating Space for Humanity”.
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these algae die, the bacteria that decompose
them absorb the oxygen in the water creating
anoxic or hypoxic conditions in the water.
This either Kkills or drives living organisms
away from the body of water.

Figure 11. Eutrophication in the Caspian Sea
Source/ Unpjnipp* NASA

Ljwp 11. Eyupndhlwughwjh hEnmlwluplubpp
Ywuwhg ényncd

This phenomenon is visible in many places,
including where the Volga River runs into the
Caspian Sea (Figure 11). A study by the
World Resources Institute indicates that, in
2008, there were more than 400 coastal
zones documented as “dead zones” caused
by eutrophic conditions, up from 10 in 1960.%°

The world’s freshwater lakes and streams,
face similar problems with eutrophication.
Parts of Lake Sevan in Armenia have
apparently undergone eutrophication as
water run-off from the highly fertilized
agricultural land surrounding it and untreated
sewage from surrounding communities wash
into the lake.
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2 «Eytrophication: Policies, Action, and Strategies to Address Nutrient Pollution”, accessed May 2013,
http://www.wri.org/publication/eutrophication-policies-actions-and-strategies
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IMPACT 10. RATE OF BIODIVERSITY
LOSS

Extinction, mutation, change and adaptation
are natural processes. Living organisms
undergo changes all the time. Scientists esti-
mate that historic rates of biodiversity loss
(i.e. extinction of species) ranged between
0.1-1 species per million species per year.
They have estimated these by examining
fossil records. Today, however, they estimate
the rate of biodiversity loss to be more than
100 species per million species per year.
That is 100-1000 times higher than the histor-
ic rate.

Loss of biodiversity in a system reduces its
ability to withstand shocks and extreme
stresses. In agriculture, for instance, most
monocultures cultivated for agro-industrial
production are subject to mass afflictions,
with radical consequences for the crop.

On a larger scale, natural disasters can wipe
out entire populations of species. In the histo-
ry of our planet, there have been six major
extinction events; the sixth is occurring as we
write this text. Human activity is catastrophic
for many species and has drastically in-
creased rates of loss. From what we know
about past extinction events, they caused
massive, fundamental shifts in the way things
worked on the planet.?

u21a68nr@E3NrL 10.
ucLuuru2UU2ULNIE3UL UNQNIUSLE

Ngugwgnid, Uniinwghw, hwpdwpynnuywunt-
rIntL W thnthnfunteynluutp. yGunwuh onpguw-
UhguUutpu wupunhwuwn Gupwnpyynid EU winwhuh
waqntgnip)nilltph:  Ghnuwywuutph gqUwhw-
wnndutpny  YEuuwpwquwqwuniejwl  Ynpuwnh
(thwunnnpbU” mGuwyutph ngugwgnidp) wwwndw-
Jwl swihwuh2p mwwnwuynid £ 0,1-hg Uhugl 1,0
wntGuwyh Yynpnwuwn JGY wnwpnid jnipupwlginen
Jdhithnu wnnGuwyh hwodny: Wjn qguwhwwnwywup
Upwlp wybp GU' nuntJUwuhpGin pwpwgwéd
hwUwén W ppwén Juwgnpnutpp: Uwlwju wjuon
ghnbwywuutph quwhwwndwdp YGUuwpwqlw-
qwunLejwl Ynpuinh wpwagniejntup juqunud E
wybh pwl 100 nGuwy jnipwpwlgnip Jhihnuhg
Jey wwpnud: Quwhuny, YGUuwpwgdwquunt-
rJjwlU Ynpuinh wpwagniejntup 100-hg 1000 wu-
qwu qbpwquwugnid £ ywwndwywunptl wdpw-
gnpywd wpwanip)nLlp:

Rwdwywngbph J6é Jwuh hwdwp YGUuwpwq-
dwquwuntpjwl Ynpniuwnnp Ypdwwnnud £ hwdw-
ywnpgbph nhdwnpnnwywuntejntulu Epuinpbdw
gugnidutph W upptulbph Lywwndwdp: Ophuwy’
gjntnuwnuwntuncentuntd  Udnunyncpinnipwubpp,
npnup dwyynd U wgpwpwjhu wpnnilwpt-
pnipjwl hwdwn, ywpnn Gu Gupwpyyt pwqdw-
rhY GnpunyjRUENh wanbgniejwlp’ ptipph hwdwn
wnpdwwnwywl hGinlwwlputpny:

Pwgh wjn, puwywl wnGwutph Uh 2w punwn-
dwly gwly Ywpnn E punhwupwwbu nguswgub)
inyjw] nGuwylu wdpnnentejwdp: UGp dninpwyh
wwuwndnrpejwl Jbe Gnbl GU puwsusdwl Y&g tun-
2nn  hpwnwpanipyniultp, hwdh wnwé Lwl
wju, nnp wjuop wnknh £ ntuGunwd JGp dninpwyh
Jpw: YU, np YGuuwpwqgdwquwuniejwl Ynpuwnh

hGnhuwyp hug hupp' Jwpnyniejnitll £, hupuphu wnGwnwih thwuwn £ G4 JGup ghinbup wugjwg
wnGwubph Jwupu wjl, np npwug wpnnitupnd intnh Gu nlubgtp hhduwpwn thnihnpunieynluutn

Jtp Uninpwyh ypw?:

2 Rockstrom et al, Planetary Boundaries: Exploring the Safe Operating Space for Humanity”.
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BOX. RENEWABLES AND THE
ENVIRONMENT

Each technology has its pros and cons. Designers,
engineers and policy makers are expected to weigh
the benefits and costs of each solution and make a
calculated decision. This section will summarize
environmental sustainability considerations for
renewable energy sources.

Not all renewable technologies have the same im-
pact on the environment. Some have very little im-
pact during their operation, while others may have a
significant impact. Thus, in making decisions about
environmental sustainability and the impact of re-
newable energy solutions, informed and reasoned
decisions need to be made. Figure 13 below sum-
marizes environmental considerations for several
major renewable energy sources.

Figure 12. Covers of the red books of endangered plant and animal species in Armenia, published in 2010
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OF THE REPUBLIC OF ARMENIA

uqqwé pnyubph L YEunwuhutph Ywpdhp gpph

LGrabr. ELGMrahU3h YoruuuLavdyna
uar3nrruere 64 ¢rauyu uhudusre
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np, dwpunwpwagbunubpp L pwnwpwlwl npnonid-
UEp wjwgunnutpp wbwp E quwhwwbl jnLpw-
pwlginip tnwppbpwyh hGn Juwwywd ogniinubtpu
nL Swhuutpp b Ywjwgutu hwdwnpyutpnny hhuuw-
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qquih wantgnieiniu: Wuwhuny, yGpwywuguynn
EuEpghwih ogunwagnpédwlu yEpwptpjwp npnanid
Jwjwguthu wuhpwdtwn £ hwpyh wnlb) inGuln-
Inghwjh Gpwpwwnle yuwjntuniejwl W 2ppwyw Jh-
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Renewable
Energy

()
JYtEpwlwluguynn
Eutpghw

Solar-thermal
collectors

Uplewjhu
gtnUwjhl
UnEywnnpubp
Solar photovoltaic
panels

Upliwjhu $nwnn-
Unpunnwjhy wyw-
ububp

Wind
InnUwtutpghw

Hydro
Ipnnntutpghw

Geothermal
energy

Spypwekndwyhl
tutpghw

Tidal/Wave

Uwlypupwgnt-
RynLl, wihputp

Environmental Considerations

-- No emissions

-- Lifecycle analyses show
significantly lower environmental
impact than non-renewables

-- No emissions

-- Lifecycle analyses show
significantly lower environmental
impact than non-renewables

-- No emissions

-- Noise levels may be high
depending on technology used
-- If there are rotating blades,
birds, bats in flight may be
injured or killed

-- No emissions (small hydro)

-- Emission of methane, a potent
GHG, from decaying algae (large
hydro)

-- Large hydro-electric power
plants are highly disruptive to
ecosystems and water supplies
downstream

-- Small hydro can be disruptive
to aquatic fauna unless properly
designed and managed (e.g. fish
passages used, etc.)

-- Large-scale geothermal s

known to create some GHG
emissions and release toxic
materials by enabling

underground gas and liquids to
come closer to the surface

-- Large-scale geothermal has
been associated with increased
seismic activity

-- Small-scale geothermal, those
used in individual buildings, have
no emissions and are not known
to contribute to increased
seismic activity

-- Rotating blades may injure or
kill marine life

-- Constant rotating blades may
drive marine life away from a
territory

-- Lubricant leaks from machines
may have an impact on local
aquatic habitats
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Biogas

YEUuwpwlwywl
quq

Municipal solid
waste (MSW),
incineration

Lwnwpuwjhu

whun
pwthnultp,
wjpned

Biomass
YELuwquugyuéd

Biofuel
YEUuwywnbihp

-- Methane is a GHG
-- Burning methane generates
CO,, also a GHG

-- Creates toxic emissions that

need to be captured and
controlled
-- Loses valuable material

resources that could be placed
back into productive use

-- Saves on landfill space, a
positive environmental
consideration, as it is estimated
that the volume of waste is
reduced by 70% when
incinerated

-- Various

-- Deforestation

-- Expansion of monocultures
-- Loss of biodiversity

-- Emissions from use
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Reading List | Cuptpgwunipjwl UjnLptN

Jared Diamond, Collapse. How Societies Choose to Fail or Succeed. New York: Viking, 2005.

Rockstrom, J., W. Steffen, K. Noone, A. Persson, F. S. Chapin, lll, E. Lambin, T. M. Lenton, M.
Scheffer, C. Folke, H. Schellnhuber, B. Nykvist, C. A. De Wit, T. Hughes, S. van der Leeuw, H.
Rodhe, S. Sorlin, P. K. Snyder, R. Costanza, U. Svedin, M. Falkenmark, L. Karlberg, R. W. Corell,
V. J. Fabry, J. Hansen, B. Walker, D. Liverman, K. Richardson, P. Crutzen, and J. Foley. 2009.
Planetary boundaries: exploring the safe operating space for humanity. Ecology and Society 14(2):
32. [online] URL: http://www.ecologyandsociety.org/vol14/iss2/art32/

“Tool for the Reduction and Assessment of Chemical and Other Environmental Impacts (TRACI)”,

http://www.epa.gov/nrmrl/std/traci/traci.html

Audiovisual Material

Johan Rockstrom: Let the environment
guide our development
http://www.ted.com/talks/johan_rockstrom_|
et_the_environment_guide_our_developme
nt#t-15108

Jared Diamond: Why societies collapse?
http://www.ted.com/talks/jared_diamond_on
_why_societies_collapse

“Depi Ur Yerevan” radio broadcast
http://youtu.be/9LObKgj2Z5¢

U.S. National Public Radio, Environmental
Podcasts (a series to which you can
subscribe)
http://www.npr.org/rss/podcast/podcast_det
ail.php?siteld=4985907

Discussion Questions

1.From the list of human impacts discussed
in the module, which ones are related to
construction and use of buildings?

2.From the list of human impacts discussed
in the module, which ones are related to
cities?

3.What are two main impacts on the
natural environment given our level of
fossil fuel use?

4.In what ways are buildings reliant on
fossil fuels?
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Stuwdwjuwjhu UnLpbp

3nhwl Nnpuwnnpnd, «@nn, np 2npwlyw Jhow-
Jwjpp ninnnpnh dbp qupgugntupy
http://www.ted.com/talks/johan_rockstrom_let
the_environment_guide_our_development#t-
15108

Qwnptn “wjpdpun, «hugn GU pwjpwjynid
hwuwnpwynipnLtuubnp»
http://www.ted.com/talks/jared_diamond_on_w
hy_societies_collapse

«Yawh n°Lp, Gplwly, nwnhn hwnnpnnud
http://youtu.be/9LObKgj2Z5¢

UUL wqquwjhu hwupwjht nwnhn, puwwwh-
wwlwlywlu wyuwnyutp (huwpwynp £ pwdw-
Unpnwanyty)
http://www.npr.org/rss/podcast/podcast_detail.
php?siteld=4985907

Rwpgtip pwbwytstEph hwdwp

1. Unnnynuwd uGpywjwgpwé® dwpnne gnp-
onlubnipjwlu waqnbgnie)ntuutphg npnup
GU JGpwpbpnud 2huwpwpnipjwup W 2GU-
pGnh 2whwagnpédwun:

2. Unnninud UGpywjwgnwé' Jdwpnne gnp-
onlubnLejwlu wqnbgniejnilutphg npnup
GU yEnpwpbnnud pwnwplutphl:

3. NpnUp GU 2npswlw pUwywl Jhewyuwinh
ypw wanbgniejwl Gpynt hhduwywu duG-
np hwuwén Jwnbhpubph ogunwagnpédwl
uGpYwjphu Swywutnh Wwpwagwnd:

4. huswbt°u BU 2GUpGpp YwhiJwéd hwluwén
Jwnbhputiphg:
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